A global database of Lambert-equivalent reflectivity (LER) of the Earth's surface, at a spatial resolution of 1 • ×1 • , had been constructed by Koelemeijer et al. [1], by analyzing observations of the reflectivity at the top of the atmosphere made by the Global Ozone Monitoring Experiment (GOME). Since its launch on board the ERS-2 satellite in April 1995, the GOME instrument has been measuring spectra of the Earth between 237-794 nm, with a spectral resolution between 0.2-0.4 nm and a spatial resolution between 40×80 km 2 and 40×320 km 2 . The LER database is made for each month of the year, pertains to the period June 1995 -December 2000 and covered eleven 1-nm wide wavelength bins centered at 335, 380, 416, 440, 463, 494.5, 555, 610, 670, 758, 772 nm, which were selected for various retrieval applications. The refinement of this database at the coastlines at a spatial resolution of 0.25 • ×0.25 • is presented. The database developed can be used to improve retrievals of trace gases, clouds and aerosols from GOME, SCIA-MACHY, OMI, and GOME-2.
INTRODUCTION
The Global Ozone Monitoring Experiment (GOME) is a 4-channel grating spectrometer, operating in the wavelength range 237-794 nm with a spectral resolution of 0.2-0.4 nm [2] . In April 1995, GOME was launched on board the European ERS-2 satellite into a polar orbit at 790 km altitude with an equator crossing-time of 1030 (local time) for the descending node. Previous global albedo datasets were based on broadband sensors such as the AVHRR [3;4] . These databases are important for energy balance studies and GCM modeling, but their use for retrieval of atmospheric properties is hampered because of their limited spectral information. In the future, multi-year global datasets with better spectral resolution may become available from new sensors such as MODIS and MISR [5;6] . However, these latter sensors do not cover all wavelengths considered in [1] . * Corresp. author : fournier@knmi.nl; Tel: +31(0) 30 2206 786
Reference [1] created a database of the spectral reflectivity of the Earth's surface which is used to improve retrieval of column densities of trace gases and properties of aerosols and clouds from measurements made by GOME and its successors, such as SCIAMACHY, launched on board Envisat on March 1, 2002, Ozone Monitoring Instrument (OMI), launched on board EOS-AURA on 15 July 2004, and the GOME-2 instruments on board the METOP series, the first of which is scheduled for launch in 2005. The database described in this paper may be regarded as a refinement of the database of [1] at a spatial resolution of 0.25 • at coastlines. The paper is structured as follows. In section 2, the content of the original database from [1] is briefly described. Examples of geographical, temporal and spectral variations of the derived LER values are presented in section 3. Section 4 presents the refinement of this database at the coastlines at 0.25 • -resolution.
Content of the database
The surface albedo database was deduced from a global surface Lambert-equivalent reflectivity (LER) database that was generated from GOME data of June 1995 -December 2000 [1] . Following [7] and [8] , the Lambert equivalent reflectivity (LER) was defined as the value of the Lambertian spectral surface albedo for which the modelled and measured reflectivity at the top of the atmosphere are equal, assuming a Rayleigh scattering atmosphere above a Lambertian surface in the radiative transfer model. For each GOME measurement, the LER was determined, using the Doubling-Adding KNMI radiative transfer code [9;10] . The LER is the calculated Lambertian surface albedo required to match the observed reflectivity at the top of the atmosphere, assuming a Rayleigh scattering atmosphere. The LERs were binned by month and at a 1 • resolution as a function of wavelength and geographic location. Table 1 lists the wavelengths that were selected in the database and their possible application for retrieval. The reflectivities were arithmetically averaged over 1-nm wide bins. The wavelengths were selected to be outside strong narrow absorption bands of atmospheric gases, 
LER Database
Global maps of MLER values at 440 nm and 758 nm derived from GOME are shown in Figures 1 and 2 [1] . At 440 nm, much large-scale structure can be observed over the ocean. A persistent band in the equatorial Pacific shows low MLER values almost year round, caused by upwelling of nutrient rich water at the equator leading to large concentrations of phytoplankton near the surface. Similar features can be observed in the UV. The MLER values of land surfaces are high for snow-covered areas and deserts and are low for densely vegetated areas, because of absorption by chlorophyll and carotenes. At 758 nm, the ocean albedo is much darker and more homogeneous than at short wavelengths. This is because at 758 nm water itself is the dominant absorber, whereas below 500 nm absorption by pure water is small, and the dominant absorbers are substances like phytoplankton and yellow substance which may vary considerably in space and time [11] . Vegetated area is highly reflective because absorption by leaf-pigments is small and scattering occurs mainly at cell-walls through the change of refractive index between cells and air cavities between cells [12] . MLER values at 758 nm show much seasonal variation, which correlates with the amount and health of vegetation.
Refinement at the coastlines
The improvement of the spatial resolution of the previous database is achieved by refining the description of the LER values at the coastlines [13] . For this purpose, the surface albedo is regridded from 1 • to 0.25 • resolution, although the values away from the coastlines are not affected and are just transposed equally at 0.25 • resolution. The result of this operation will be that the albedo change at coastlines will be sharper than in the current GOME database.
To define the location of the land-sea coastline, the 0.25 • -resolution GTOPO30 surface height database is used [14] . Figure 3 illustrates the coastline obtained from this database.
To refine the database at this coastline, informations from the 0.25 • -resolution surface height database (GTOPO30) and the 1 • -resolution surface albedo database are combined. The first task is to locate the coastal points. To achieve this, the surface height database is scanned. A coastal point is identified as an ocean grid-square, but surrounded by at least one land grid-square. Figure 4 shows such a coastal point in the 0.25 • resolution configuration used in the calculations. Secondly, the state (land or ocean) of the surrounding grid-squares gives an indication of the orientation of the coastline at this coastal point (see Figure 4) .
These surrounding cells (A,B,C,D,E,F,G,H) are scanned by pairs : (H,D), (B,F), (G,C) and (A,E)
. In each case, the algorithm checks if at least one cell from the pair corresponds to a land grid-square. The albedo value of the coastal point itself is not affected, but the adjacent parallel points on both sides are modified in the orientation of the landsea transition. Concretely, in the case of H or D being a land-square, the albedo values at the H, D, I and Q points are changed. On both sides of this coastline, the albedo values at the closest full (not mixed) land-cell or sea-cell are assigned to the pairs (H, I) or (D, Q) . Similarly, for G and C being sea and land cells (or inversely), the albedo values at the G, C, W and O cells are changed. This is a quite simple approach, nevertheless permitting to improve significantly the patterns of the surface albedo at the coastlines. The changes produced via this approach are illustrated for two cases in Figure 5 and Figure 6 . They both concern the surface albedo at 758 nm for January. The values of surface albedo are shown for a specific latitude, but for 0.25 • -step varying longitude around the coastal point (value 0.0). Figure 6 for a site on the coast of East Africa. Most of the significant discontinuities at coastlines in the previous albedo database occurred in Antarctica and also Greenland, where strong contrasts appear between ice and ocean. This is underlined in Figure 7 which shows the surface albedo at 758 nm for January over Greenland from the previous database at 1 • resolution. Figure 8 illustrates the same region in the same conditions but with the surface albedo refined at the coastlines at 0.25 • resolution. apparently, the new approach produces a more precise description of the patterns of surface albedo at the coastline than in the previous database. The mixed (ocean-land) 1 • -resolution cells at the coastline have been improved at 0.25 • resolution by attributing different albedo values to the sea and land cells in each of these 1 • -resolution coastal cells. This leads to both the surface albedo shift in Figures 5 and 6 , and the 0.25 • -resolution features along the Greenland coastline of Figure 8 . 
CONCLUSION
The paper presents the improvement of a global database of monthly minimum LER values of the surface at eleven 1-nm wide wavelength bins in the range 335-772 nm.
The database has now a 0.25 • resolution for each month of the year with a refinement of the LER values at the coastlines. The spectral MLER database is a valuable aid in the retrieval of trace gases, clouds and aerosols from satellites. Indeed while, presently, the original 1 • -resolution database is still used by various groups for retrieval of tropospheric trace gas column densities, clouds and aerosols from GOME, SCIAMACHY, OMI and MERIS, the updated 0.25 • -resolution will be used by the next generation of instruments such as GOME-2.
